The purpose of this study was to examine the validity of a sensory history questionnaire using contrasting groups. S ensory history questionnaires are clinical assessment tools that are traditionally used in occupational therapy to assess children with known or suspected sensory integration problems. These instruments usually are parent questionnaires consisting of items that inquire about a child's responses to sensory experiences in the context of everyday life. In one exhaustive search of the sensory history questionnaire literature (LaCroix, 1993) , 15 different instruments by different authors, all printed in the 1970s and 1980s, were found. Thus, for over 20 years, sensory history questionnaires have been used by occupational therapists to supplement formal testing, observation, and interviewing (Parham & Mailloux, 1996) . These instruments are thought to be useful for the identification of children who would benefit from occupational therapy designed to enhance participation in childhood occupations by reducing the impact of sensory processing problems. Before such instruments can be used with confidence, however, qualities such as reliability and validity must be examined.
Specifically, the goal was to identify items on the Evaluation of
The purpose of this study was to examine the criterion-related validity of a sensory history questionnaire, the Evaluation of Sensory Processing (ESP), using contrasting groups. The term "sensory processing" in the name of the instrument refers to the brain's handling of sensory infor-mation for the purpose of enabling a person's engagement in occupations. This is synonymous with what Ayres (1979) called "sensory integration": the brain's coordination of various forms of sensory information in order to support participation in daily life activities. The present study was designed to identify ESP items that differentiate between responses of parents whose children have sensory integrative dysfunction, and responses of parents whose children are typically developing.
Literature Review
Several studies have been conducted to estimate the validity of a variety of sensory history parent questionnaires. The earliest published validity study by Larson (1982) , examined whether sensory history items discriminated between developmentally delayed children with and without tactile defensiveness. Although her questionnaire consisted of items that were judged by a panel of experts to be representative of tactile defensive behaviors, only 16% of the items differentiated statistically between the tactile defensive and non-defensive groups.
Royeen later developed a questionnaire to measure tactile defensiveness in elementary school-aged children entitled Touch Inventory for Elementary-School-Aged Children (1986 , 1990 ) and a parent or teacher questionnaire for preschoolers entitled the Touch Inventory for Preschoolers (1985, 1987) . The content validity of the questionnaires were supported by expert reviewers (Royeen, 1985) , and the Touch Inventory for ElementarySchool-Aged Children was shown to distinguish between groups of children with and without tactile defensiveness (Royeen, 1986) . Spyropulos (1991) examined content and construct validity of a sensory history survey constructed by Clark and Parham (1984) that used items from older unvalidated instruments that measured a variety of aspects of sensory processing. Of the 39 items, 37 were considered to have good content validity with a criterion of at least 80% agreement among a panel of experts. However, only 11 items were found to differentiate between responses of parents of children with and without sensory integrative dysfunction.
The Sensory Rating Scale (SRS) is a parent questionnaire developed specifically to identify sensory defensiveness in infants and young children from birth to 3 years (Provost, 1991; Provost & Oetter, 1993) . Content validity of the SRS was assessed informally by three experts and their suggestions were used to improve the clarity of items. Provost (1991) administered the SRS to parents of 120 typically developing children and an equal number of parents of children at risk for, or with developmental delays. The at-risk/delayed children had considerably higher SRS scores, indicating a higher occurrence of reported behaviors associated with sensory defensiveness. In addition, the children with multiple developmental problems or more severe developmental delays were found to have a higher incidence of sensory defensive behaviors, as indicated by parent ratings, than children who had less severe delays.
Dunn and her colleagues have conducted the most extensive validity research on a sensory history questionnaire. In the initial study of Dunn's instrument, the Sensory Profile (Dunn, 1994) , 67 of 99 items met a criterion for uncommon behaviors ("rarely" or "never" response ratings for at least 80% of children who were typically developing). Dunn and Westman (1997) then collected data on 1,115 typically developing children using a revised version of the Sensory Profile on which 26 items were added. Ninety-one of 125 items met the above criterion for uncommon behaviors in typical children. A factor analysis of Sensory Profile ratings for these typically developing children identified item loadings into nine patterns of behavior related to sensory modulation and responsiveness (Dunn & Brown, 1997) . Kientz and Dunn (1997) identified 84 of the 99 items on the original Sensory Profile that distinguished between children with and without autism. Ermer and Dunn (1998) administered the Sensory Profile to parents of children with autism or pervasive developmental disorder, children with attention deficit hyperactivity disorder (ADHD), and typically developing children. Using factor scores on the Sensory Profile, and discriminate analysis, they found that 89% of the children were classified into the correct diagnostic group. LaCroix (1993) initiated the development of the ESP, the instrument that is used in the study reported here. Following rigorous procedures for instrument development outlined by Benson and Clark (1982) , LaCroix gathered questionnaire items from published and unpublished questionnaires and generated items on sensory integrative dysfunction from literature and from personal contacts with therapists and parents, creating a collection of 679 items. A panel of experts in sensory integration then were asked to rate items for their representativeness of each of seven sensory systems and to identify which items were thought to be "good items" for clinical use. The index of item-objective congruence (Rovinelli & Hambleton, 1977) was calculated for each of the items to evaluate content validity. The 200 items selected for inclusion in the ESP had good content validity, defined as an index of item-objective congruence of .70 or higher, and were designated as a "good item" by raters. Content validity results were used to group the 200 items into seven sensory systems: auditory, gustatory, olfactory, proprioception, tactile, vestibular, and visual. Items then were formatted into a Likert scale (Likert, 1932) with response choices of always, often, sometimes, rarely, never, and not applicable. LaCroix and Mailloux (1995) conducted a validity study on the ESP involving parent ratings of typically developing preschoolers (n = 37). Results identified 116 items on which 75% or more of the parents responded with ratings of "rarely" or "never." These findings suggested that these items describe behaviors that are not typical of preschoolers. To examine the meaningfulness of ESP items to parents, LaCroix and Mailloux additionally conducted interviews of mothers who completed the ESP, two of whom had children with sensory integrative problems. LaCroix and Mailloux found that the mothers of children with sensory integrative dysfunction felt a need to discuss items more expansively than the mothers of children without sensory integrative dysfunction. Because ESP items are designed to detect unusual behaviors, many items seemed to have greater relevance and meaning to the mothers of children with sensory integrative dysfunction.
The ESP is similar to other sensory history questionnaires, yet it has certain unique characteristics. The instruments developed by Larson (1982) and Royeen (1985 Royeen ( , 1987 address only tactile defensiveness, rather than a variety of aspects of sensory processing across multiple sensory systems. Provost (1991) addressed multiple sensory systems, but focused specifically on sensory defensiveness. Moreover, her instrument is designed for infants and toddlers, not older preschoolers or school-aged children. The questionnaire studied by Spyropulos (1991) addressed multiple aspects of sensory integration, but its items overall did not differentiate between parent ratings for children with and without dysfunction. Of the published instruments, the Sensory Profile (Dunn, in press ) is most similar to the ESP. Both the Sensory Profile and the ESP assess a variety of aspects of sensory processing in multiple sensory systems. In addition, they are intended for assessment of children from preschool through elementary school. The ESP, however, is distinctive in containing only items that are specific to particular sensory systems. This feature is related to the extensive content validity procedures used to develop the ESP. In contrast, the Sensory Profile contains many items that are not related to a particular sensory system, and may not in themselves be indicative of sensory processing problems. Because of this distinction, both the Sensory Profile and the ESP are likely to be clinically useful, but for somewhat different purposes. Of the two instruments, the Sensory Profile may be better suited for assessing a broad range of clinically significant problem behaviors, including behaviors that are not necessarily related to sensory processing. The ESP is designed to identify behaviors that are specifically indicative of sensory processing problems.
Method

Participants
Parents of 89 children participated in this study by completing the ESP. Written informed consent was required of all participants prior to participation. Of the parents in the study, 30 had children ranging in age from 3 years to 6 years 11 months who were identified as having sensory integrative dysfunction by occupational therapists with training and clinical experience in sensory integration. These children had not yet participated in any intervention involving sensory integration treatment techniques. This criterion was deemed important because the ESP is intended to be used primarily as an initial evaluation tool, and child behavior related to sensory processing is thought to change intervention. In addition, parents whose children have been involved in therapy may have a more sophisticated understanding of sensory processing issues and a heightened sensitivity to the behaviors identified in the ESP compared with parents who have not had this exposure. Thus, exposure to sensory integration-based intervention may affect parental ratings. Another criterion for inclusion in the sensory integrative dysfunction group was that the child was not medicated for or diagnosed with a developmental disability such as cerebral palsy, mental retardation, autism, or seizures.
Information about the procedures and criteria for participation in the study was provided to therapists who recruited parents of eligible children with sensory integrative dysfunction into the study. Following completion of data collection, the questionnaire for each child identified as having sensory integrative dysfunction was matched with a questionnaire for a child from the typically developing group.
Parents of children in the typically developing group (n = 59) were contacted through day-care programs, preschools, and an adult education center offering parenting classes. Questionnaires for a subgroup of 30 typically developing children were used in the statistical analysis of the study. These 30 typically developing children were matched as closely as possible to the children in the sensory integrative dysfunction group for age, gender, geographic location, ethnicity, and socioeconomic status. Age was the primary criterion for matching because sensory integrative functioning is known to be age dependent (Ayres, 1979; 1989) . Children in the two groups whose data were statistically analyzed were matched for age within 6 months. Table 1 summarizes additional demographic characteristics of all the children whose parents participated in the study.
Instrument
The ESP was used in the current study. Prior to data collection, five parents completed the questionnaire and were interviewed to ensure that items were accurately understood. Several changes to items were made after the interviews: examples of behaviors were added to 14 questions, 27 others were reworded for greater clarity, and 8 were eliminated because they contained professional jargon that was not understood by the parents. A total of 192 items were used in subsequent data collection and analysis.
Procedures
Of 520 questionnaires distributed to day-care programs, preschools, and the adult education center for recruitment of participants, 84 were returned for children in the typically developing group. Twenty-five were excluded because the children's ages were not within the parameters of the inclusionary criteria or the children had a medical diagnosis related to learning or developmental disability. Of 160 questionnaires distributed to therapists for recruitment of parents of children with sensory integrative dysfunction, 59 were returned. Twenty-nine of these were excluded from the study either because of age or diagnosis that was not within the parameters of the inclusionary criteria, because there were missing data that could not be retrieved, or because a match from the typically developing group could not be identified.
If any questionnaire had more than six "not applicable" responses, the investigator contacted the parent by telephone to discuss the items in question, in order to ensure that the parent was not confusing "not applicable" with "never." Care was taken not to bias responses of parents during these discussions. The questionnaire responses were then recoded, if appropriate. Additionally, three parents for whom English was a second language were contacted by phone and the entire questionnaire was reviewed carefully to ensure that the questionnaire ratings accurately reflected their perceptions of their children.
Data Analysis
Frequency distributions and measures of central tendency of item ratings were calculated on all questionnaires included in the study. Separate calculations were made for the total group of children without sensory integration disorders (n = 59), the matched sample of children without sensory integration disorders (n = 30), and the group of children with sensory integration disorders (n = 30). The questionnaires for the matched groups were analyzed further using the Wilcoxon signed rank test for non-parametric comparison of the medians of the paired samples (Pagano & Gauvreau, 1993) . A nonparametric test was indicated because of the ordinal data and lack of normal distributions of scores for most items. All analyses were conducted using the Statistical Analysis System (SAS) computer software package.
Results
Examination of frequency distributions indicated that data for nearly all items were highly skewed. This was particularly so for typically developing children. In this group (n = 59), 127 items had distributions in which 75% or more children were rated at the extreme ranges of the scale ("rarely" and "never," or "always" and "often").
The Wilcoxon signed rank test was computed for each item, and a statistically significant difference (p ≤ .05) between matched groups was found for 84 of the 192 items on the ESP. Of the significant items, 16 were in the auditory section, 0 in the gustatory section, 2 in the olfactory section, 10 in the proprioceptive section, 24 in the tactile section, 19 in the vestibular section, and 13 in the visual section. Table 2 summarizes results for these 84 items.
Score distributions were examined for each of the items that significantly differentiated between the matched groups. For most items, scores of all groups of children were highly skewed, and the scores of children with sensory integrative disorders tended to be more variable than those of children without dysfunction.
Of the 84 items that significantly differentiated between the groups, 48 were characterized by clearly skewed score distributions in the same direction for both groups. An example is shown in Figure 1 . In this example, as in all items that fit this pattern, the score distribution for the children with dysfunction is flatter than that of the comparison group, because scores are spread more evenly across the response categories. This pattern indicates that ratings at the extreme end of the response continuum ("always" and "often," or "rarely" and "never") were unusual in both groups, but appeared more frequently in the group with sensory integrative problems. The next most common pattern of item score distributions, seen for 14 of the significant items, shows ratings for the dysfunctional group approximating a bimodal distribution, while the ratings for the typically developing group are skewed, either positively or negatively. Figure 2 illustrates this score distribution pattern.
This pattern indicates that, for the typically developing group, ratings tend to fall at one end of the response continuum. For the example in Figure 2 , these are ratings of "rarely" or "never." In contrast, for the children with sensory integrative problems, ratings suggest the existence of two subgroups: one whose ratings indicate that behavior is biased toward one end of the response continuum and another whose ratings tend to fall toward the opposite end of the continuum. For the item shown in Figure 2 , one subgroup of children with sensory integration disorders is characterized by the "often" response, and the other subgroup is characterized by the "never" response.
On 10 items, scores for the children with dysfunction approximated a normal distribution, whereas the comparison childrens' scores were skewed. This indicates that, for these items, typically developing children were usually given ratings at one end of the response continuum, in contrast to the children with sensory integration problems, who most commonly were rated at the middle of the continuum, with some scores falling at either side.
Various combinations of bimodal, flat, normal, and skewed curves were identified among the remaining items. These items were less frequently observed, and in some cases, less easily defined than the patterns discussed above.
Discussion
This study demonstrated that parent ratings for 84 of the 192 ESP items differentiated significantly between groups with and without sensory integrative dysfunction. In general, these results are encouraging in that nearly half of the items can be considered to provide information that is clinically meaningful. The effort made to ensure that the clinical group had not received sensory integration-based intervention strengthens the conclusion that these items are likely to be useful in clinical assessment.
However, it is clear that some aspects of the ESP are problematic. Some items are redundant and could be revised or eliminated to make the instrument more concise. No gustatory items and only two olfactory items differentiated between the groups, so these items cannot be assumed to have clinical relevance given these data. On the other hand, it is fortunate that the sensory systems with the highest number of significant items, tactile and vestibular, are key areas of concern in sensory integration theory.
As noted earlier, past studies of sensory history questionnaires have evaluated item validity through analysis of frequency distributions of ratings for children without any known dysfunction (Dunn, 1994; LaCroix & Mailloux, 1995) . Items in these studies were accepted as "good items" if more than 75% or 80% of participant responses were in the extreme ranges of the scale, such as "rarely" and "never", or "always" and "often" depending upon the wording of the question. In the LaCroix and Mailloux (1995) study, using an early version of the ESP, 116 of the items met their criterion of 75%. In the present study using a revised ESP, 127 items met this same criterion. However, if frequency distribution of the typically developing group was the only criterion for item elimination on the ESP, 27% of the items identified as discriminating in the Wilcoxon signed rank analysis would have been missed. One item which would have been missed is shown in Figure 2 , where scores of the group without dysfunction are skewed yet are distributed across all response choices. The scores of this group were significantly different from those of the group with sensory integrative dysfunction, whose distribution was bimodal. The use of contrasting groups additionally made it possible to identify items that were not good discriminators of sensory integrative dysfunction even though the score distribution of the typically developing group was concentrated at the extreme end of the response continuum.
The high degree of variability in scores of children with sensory integrative dysfunction is consistent with sensory integration theory (Ayres, 1972 (Ayres, , 1979 (Ayres, , 1989 . Sensory integrative dysfunction is a heterogeneous category. Children with sensory integrative dysfunction do not all manifest it in the same way or in the same sensory systems. For example, it is possible for a child to demonstrate proprioception seeking behaviors, while also having aversive responses to tactile stimuli and perceptual problems in the visual system. On the ESP, this child might have parent ratings similar to typically developing children on the auditory, olfactory, gustatory, and vestibular items, while ratings are atypical for some proprioceptive, tactile, and visual items. Another child with sensory integrative dysfunction may have a completely different pattern of ESP ratings.
Further study of the effects of age, gender, and ethnicity on ESP ratings is warranted, as these issues could influence clinical interpretation (Benson & Clark, 1982; Gwyer, 1989) . It is possible that gender and ethnicity of the child may influence ESP scores, but this could not be ascertained in the current study due to sample limitations (i.e., the limited degree to which gender was matched, the limited variation in ethnic diversity of the children rated). Parent characteristics such as gender, ethnicity, and number of children may also affect ratings that are assigned to a child.
Although not all of the questionnaires for the large group of typically developing children (n = 59) were used in the statistical analysis, Table 2 includes frequency distributions of item ratings for this group in order to provide clinicians with expanded data on typically developing children. Distributions for this larger group and for the subset of 30 matched typically developing children are, not surprisingly, similar to each other. It is recommended that clinicians examine distributions for the larger group to gain insight into the range and frequency of ratings typically reported for children without disability on particular items, and thus to increase confidence in clinical interpretation of ESP ratings. L Human Services, Public Health Service, Health Resources and Services Administration, Maternal and Child Health Bureau, Grant MCJ 009048-11. This study could not have been completed without the commitment of the individuals and facilities across the U.S. who assisted with data collection. These data collection efforts are greatly appreciated.
